Abstract: Dispersion compensation of a 110 lcm non-dispersion shifted fibre link over a 4 nm bandwidth is demonstrated using two continuous glitch-free 36 cm long chirped fibre gratings. A 10 Gbitk system trial shows that compensation of lasers with large wavelength tolerance is possible.
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To date there have been several techniques reported for producing chirped gratings. These include post-chirping uniform gratings using W processingr2] or by applying either a linear strain['l or temperaturer31 gradient. Alternatively the chirp can be directly imposed during fabricationf4n. However all these techniques are limited to gratings -1Ocm in length by the size of available phase masks used in production. This imposes a limitation to either the bandwidth or dispersion of the compensator. Using a narrowband O.O7nm, 1Ocm
compensator a maximum compensated distance of 7OOkm has been achievedr61. However, for present practical applications chirped fibre Bragg gratings must also exhibit a bandwidth large enough to cover typical semiconductor laser diode wavelength tolerances (5nm).
Gratings of the order lm in length are required to achieve a time delay sufficient to compensate 1OOkm of non-dispersion shifted fibre (-17OOps/nm) over 5nm at 1.55pm.
The limitation caused by the length of the phase mask has been partially overcome in one approach using many custom 1Ocm step-chimed phase masks. These are scanned in series to obtain a 1.3m array which exhibits an average dispersion along its length". The main drawbackof this method is that stitching errors occurring between the individual gratings cause large glitches in the reflection spectra and delay. Accurately W trimming the joins reduces these faults, although it is unlikely that the device will perform continuously across the bandwidth. r41 Taking some of the ideas from our earlier work we have recently developed a fabrication technique capable of producing continuous arbitrary profile fibre gratings limited only by the maximum length of high quality translation stages. The phase shift is continuously added during the entire writing process and hence no glitches are present. Fabrication time for a 4Ocm device can be as short as 400 seconds, depending on the photosensitivity of the fibre used. In this paper wk report the application of two broadband (4nm) glitch-free linearly-chirped and apodised 36cm long fibre gratings. These are used in cascade as a dispersion compensating device for a 10 Gbit/s 1.55un1 IMIDD system operating over a 1lOkm standard fibre link. Experiment: Two 36 cm chirped gratings centred at 1540 nm were fabricated with a 3.8nm linear chirp in a 0.2 NA, 1300 nm cutoff, hydrogenated germanosilicate fibre. The profile of the gratings was essentially flat with 10% at each end apodised with a raised cosine profile. The high NA fibre was selected to shift the cladding mode loss outside the operating bandwidth of the compensator. The gratings are written to give peak reflectivity of -90% when combined with a circulator their loss should be about 3dB. The two gratings were combined with a Cport circulator to give a 1735 ps/nm, 3.8nm bandwidth dispersion compensator with an insertion loss of lOdB, where the excess loss is due to poor splices and modal mismatch between the circulator and the high NA fibre. Figure 1 shows that the time delay for the cascade is extremely linear, having a standard deviation of only chirp over 72 cm. In addition a smooth reflection spectrum is observed, with a slight, -2d~ slope due to induced OK loss as a result of hydrogenation.
The dispersion compensator was tested in a 10 Gbit/s IM/DD transmission system operating over 1lOkm of non-dispersion shifted fibre. Output from a tunable laser operating around 154Onm was modulated with a balanced Mach-Zehnder LiNbO, modulator and a 2r5-l pseudo-random pattern was used. The link was made of two spans (50 and 59km) of nondispersion shifted fibre and erbium doped fibre amplifiers. By maintaining the optical power input to each span at 6dBm, the short amplifier span maximised the signal-to-noise ratio whilst minimising non-linear effects and allowed a detailed study of the dispersion penalty. The dispersion compensator was incorporated directly after the transmitter because of the polarisation sensitivity in this particular grating/circulator combination. A stable input polarisation was needed, as the fibre used for fabricating these gratings was found to be slightly birefringent.
The bit error rate (BER) was measured as a function of received optical power. Figure 2 shows BER curves taken for four different wavelengths selected at random within the bandwidth of the dispersion compensator. Error free operation was obtained for -6dBm of received optical power at each wavelength. In all cases an improvement over back-to-back sensitivity is observed. The dispersion compensating bandwidth was measured by tuning the transmitter wavelength whilst keeping the received optical power constant It was possible to tune the transmitter between 1538nm and 1541.5nm with good performance at all points across the band (see figure 1) confinning the broad wavelength tolerance of the device. 
